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ABSTRACT
Introduction: The rise in the prevalence of childhood
obesity worldwide calls for an intervention earlier in
the life cycle. Studies show that nutrition during early
infancy may contribute to later obesity. Hence, this
study is designed to determine if the variation in
complementary feeding practices poses a risk for the
development of obesity later in life. A mixed methods
approach will be used in conducting this study.
Methods and analysis: The target participants are
infants born from January to June 2015 in the South
East Asia Community Observatory (SEACO) platform.
The SEACO is a Health and Demographic Surveillance
System (HDSS) that is established in the District of
Segamat in the state of Johor, Malaysia. For the
quantitative strand, the sociodemographic data, feeding
practices, anthropometry measurement and total
nutrient intake will be assessed. The assessment will
occur around the time complementary feeding is
expected to start (7 Months) and again at 12 months.
A 24-hour diet recall and a 2-day food diary will be
used to assess the food intake. For the qualitative
strand, selected mothers will be interviewed to explore
their infant feeding practices and factors that influence
their practices and food choices in detail.
Ethics and dissemination: Ethical clearance for this
study was sought through the Monash University
Human Research and Ethics Committee (application
number CF14/3850-2014002010). Subsequently, the
findings of this study will be disseminated through
peer-reviewed journals, national and international
conferences.
INTRODUCTION
The theory of ‘early origins of diseases’,
inspired by Barker et al,1 states that the envir-
onment during early development increases
the susceptibility of developing obesity and
other non-communicable diseases (NCDs)
later in life. The exposure to an in utero
environment causes permanent effects on
the developing tissue. These effects are
referred to as ‘programming’ and are
important risk factors for chronic diseases in
the future.2
The window of the susceptibility period for
the early origin of diseases extends from con-
ception through infancy. Barker3 reported
that the ﬁrst 1000 days after conception are
the most critical because most of the devel-
opment takes place during this period.
Recent ﬁndings highlight the potential link
between health in later life and the feeding
practices of the child in the ﬁrst 2 years of
life, including breastfeeding and comple-
mentary feeding practices.4
Nutrition intake during the prenatal stage
and the ﬁrst 2 years of life has been identi-
ﬁed as an important factor contributing to
future obesity.2 5–7 It is established that breast
feeding has a protective effect over the devel-
opment of obesity.6 8 New research has
begun to focus on the potential effect of
complementary feeding practices on the risk
of developing obesity later in life.9
Complementary feeding is deﬁned as the
process of initiating solid food and liquids
when breast milk or other types of milk on
their own are no longer sufﬁcient to meet
the nutritional requirements of infants.10
The WHO recommends that complementary
feeding should not be introduced before
6 months, and complementary foods should
supplement breast milk. The variety of foods
should be introduced in amounts, frequency
and consistency required to meet the nutri-
tional needs of the infant.11
Inappropriate timing of the introduction
of complementary food and an inadequate
Strengths and limitations of this study
▪ The study uses a mixed methods design that
helps to triangulate the results from quantitative
and qualitative strands to understand the
research problem better.
▪ The study will strengthen our understanding on
the influences of ecological settings on the
feeding practices of a child.
▪ The results obtained from this study cannot be
generalised to populations of other countries,
but the approach may inform other research.
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quantity or quality of the complementary food can lead
to overnutrition or undernutrition in a child. Both these
conditions during infancy increase the risk of obesity
later in life.12 13 Schwartz et al14 highlighted the import-
ance of complementary feeding because it is a critical
phase in the optimal development of behaviour in
eating practices. The development of a child’s eating
practices is largely inﬂuenced by parental practice, envir-
onment and culture.
The strongest evidence until now linking complemen-
tary feeding and the early risk of obesity refers to timing
of introduction of complementary food.9 15 Early intro-
duction to complementary food results in a rapid early
weight gain that is associated with increased risk of
obesity in later life.4 However, there are several other
factors associated with complementary feeding that are
not well understood. For this reason, it is worth explor-
ing the effect of the quantity and quality of complemen-
tary food and the food preferences developed by the
infant on weight gain and obesity risk.4 9 16
Although there are links between early growth and
later development of obesity, many of these ﬁndings are
not consistent, and are largely inﬂuenced by a complex
web of ecological determinants.17 Factors such as ethni-
city, family dynamics, familial feeding practices, degree
of urbanisation and mass media strongly inﬂuence com-
plementary feeding practices of a child.18–22 However,
the pathways and the interaction between these factors
are not well understood.
Taking Bronfenbrenner’s ecological systems frame-
work, this study aims to investigate the variation in com-
plementary feeding practices and the inﬂuence on the
early risk factors for obesity. Determinants of early risk
of obesity are (1) growth acceleration and (2) develop-
ment of obesogenic food preferences. Obesogenic
eating habits refer to a sustained long-term high con-
sumption of energy dense food and liquids eventually
leading to obesity.23 24
Bronfenbrenner’s ecological model25 will be used in
this study because it provides the framework to structure
and place into context the complex inﬂuences of family
history, ethnicity, socioeconomic disparities, urbanisation
and mass media as factors mitigating these early risk
factors for obesity.
RESEARCH OBJECTIVES
Main objectives
▸ To explore the variation in complementary feeding
practices.
▸ To describe the relationship between feeding prac-
tices and early risk factors for obesity.
Specific objectives
1. To explore the ecological variation and the potential
inﬂuence on complementary feeding practices.
Bronfenbrenner’s ecological model25 will be used as
the methodological framework in this study to
explore the direct and indirect effects of the infants’
setting on the variation in complementary feeding
practices.
2. To describe the variation in complementary feeding
practices and the total nutrition intake of the infants.
The variation in complementary feeding practices in
this study is operationally deﬁned as the timing of
introduction of solid foods, the types of food intro-
duced to the infant and the macronutrient and
micronutrient content of the food. The variation will
also be explored against the ecological factors high-
lighted earlier.
3. To assess the relationship between the growth of the
infants pre and post introduction of complementary
feeding.
The growth measurements that will be taken are
weight, length, mid upper arm circumference; head
circumference and skinfold thickness.
METHODS AND DESIGN
This is a mixed methods longitudinal study designed to
collect data using surveys and in-depth interviews. The
quantitative section will involve a prospective cohort and
will address all three of the general objectives. The quali-
tative section will be carried out using a grounded
theory approach and is designed to answer the ﬁrst and
second objectives in order to be able to further explore
the infant feeding practices (IFP). Preliminary analysis
from the ﬁrst phase of the quantitative study will inform
the study population and interview guide for the qualita-
tive study. This study design is presented in ﬁgure 1.
A mixed methods design was chosen for this study
based on previous literature which has shown that inte-
grating quantitative and qualitative methodological
approaches strengthens the overall research design and
provides more comprehensive and robust evidence.
Based on the six major mixed methods typologies pro-
posed by Creswell and Clark, 2007,26 this study used the
embedded design, in which the qualitative component is
embedded inside the quantitative component which was
designed to answer the main objective of the study.
The whole study is divided into two phases. The ﬁrst
phase of the study will be conducted when the infants
are 7 months old. This age is chosen because comple-
mentary food is supposed to be introduced after 6
months.11 Meeting the participants at 7 months allows
us to capture the early practices immediately after the
likely introduction of complementary food. The second
phase of the study will be conducted when the infants
are 12 months old. This age is chosen as infants would
have been introduced to different types and textures of
food27 and have also developed food preference by this
time.28 Since studies have shown that weight gain during
infancy may predict later obesity,29 this study allows us to
detect whether complementary feeding practices of
these infants result in a divergence from the recom-
mended growth. In addition, selected mothers of the
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infants will be interviewed using an in-depth interview
method during this second phase to explore food
choices and complementary feeding practices in greater
detail.
Study location
This study will be conducted in the South East Asia
Community Observatory (SEACO) research platform.
SEACO is a Health and Demographic Surveillance
System (HDSS), established in the District of Segamat,
in the state of Johor, Malaysia.30 SEACO covers 5 of the
11 subdistricts (Mukim) in the District of Segamat. This
platform collects longitudinal data on the entire popula-
tion within the ﬁve districts. The ﬁve subdistricts under
SEACO are Bekok, Jabi, Sungai Segamat, Gemereh and
Chaah.
Agriculture is the main contributor to the economy in
all the subdistricts in Segamat, including the ones in
SEACO, followed by the manufacturing and government
service sectors. According to the national census (2010),
the total population in Segamat is 170 000 of which 50%
are Malays and Orang Asli, 36% are Chinese and 9%
are Indians. This ethnic composition is very similar to
the actual population breakdown of the country.31 The
multiethnic setting in SEACO provides the context to
understand how the ecological factors inﬂuence comple-
mentary feeding practices.
Study population
Mothers of infants born between the month of January
to June 2015 will be identiﬁed from the SEACO demo-
graphic database and approached. These infants,
together with their mothers, will be recruited in this
study if they meet the inclusion and exclusion criteria.
Inclusion criteria:
1. Singleton pregnancy.
2. Full-term infants: 37–42 gestation weeks.
3. Birth weight of the infant should be between 2.5 and
4.0 kg.
Infants weighing <2500 g (small for gestation age,
SGA), >4000 g (large for gestational age, LGA) and
infants born before 37 weeks of gestation will be
excluded from this study. Studies have shown that both
SGA and LGA babies may develop metabolic syndrome
later in life.32 SGA and infants born before 37 weeks of
gestation have a higher risk of early growth retardation,
infection, development delay and need special care.33
Exclusion criteria:
1. Infants with a medical condition at birth that would
affect feeding practices or the appetite of the child.
2. Infants who have been admitted to an intensive care
unit for 3 or more days.
3. Infants whose mothers are aged below 18 years.
4. Infants who are not of Malay, Chinese, Indian or
‘Orang Asli’ ethnicity.
Infants with a medical condition such as cerebral
palsy, neurological disorders or congenital effects are
excluded from this study. These conditions may impair
their nutritional intake and feeding practices.34 35
Infants born to teenage mothers are excluded from this
study because teenage pregnancy is associated with a
higher risk of neonatal medical complications.36 Also,
infants who are not from the four ethnic groups stated
will not be included in this study as the total number of
participants might be too few to show any statistical
signiﬁcance.
Quantitative strand
Sample size
All infants born within the SEACO surveillance site
between 1 January 2015 and 30 June 2015 will be
recruited in this study. Around 200 mother–infants pairs
have been identiﬁed from the SEACO database. These
infants will be approached for the ﬁrst phase of the
study at 7 months of age and again when they are
12 months old, for the second phase of the study. The
sample size was determined on the basis of feasibility
rather than a power calculation of an essentially arbitrary
and ﬁxed hypothesis test.
Data collection
The ﬁrst step is to identify the target participants from
the SEACO database. Mothers of the infants will be
Figure 1 Mixed methods embedded design for the study of
complementary feeding and the early origins of obesity risk.
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contacted via telephone to identify if the infant and
mother still reside in the given address. Before proceed-
ing with the data collection, consent will be obtained
from the mothers as part of the recruitment process.
Data collectors will be recruited and trained to assist in
data collection and follow-up. The data collectors recruited
for this study need to be ﬂuent in Malay and English. They
will be trained to obtain anthropometry measurements
and diet history from the participants. An interpreter may
be recruited to assist in interviewing participants who are
unable to communicate in Malay or English.
The ﬁrst phase of data collections will be conducted
when the infants are at least 7 months old. At this stage,
the data collectors will take the anthropometry measure-
ments of the infant. The infant’s weight, length, head
circumference, mid-arm circumference and skinfold
thickness will be taken. For the mother, the pre-
pregnancy weight and weight gain will be obtained from
their ‘Prenatal Record Book’. For those who have lost
the book, the verbal information from the mothers will
be collected. A questionnaire will be used to record the
sociodemographic particulars and IFP. The IFP survey
will be part of the main questionnaire and will be used
to obtain the infant’s breastfeeding, bottle-feeding and
complementary feeding practices.
During this stage too, infants’ particulars such as birth
weight, gestational age and medical history will be taken.
This information can be obtained from the ‘Baby
Record Book’. Maternal medical history and complica-
tions during pregnancy will also be obtained. After this
session, information obtained will be keyed in a statis-
tical analysis package.
The second phase of data collection will be conducted
when the infants are 12 months old. During this phase,
the anthropometric measurements of the infants will be
taken again. The feeding practices will be assessed using
an IFP survey. The total nutrient intake of the infant will
be assessed using a 24-hour diet recall (1 day) and a
food diary (2 days).
At the end of the session, the data will be organised
using the statistical analysis package, R while the 24-hour
diet recall and the 2 days food diary will be analysed
using the nutrition analysis package, Nutritionist Pro.
The anthropometry measurements of the infants will be
compared with the standard growth curves using the
WHO growth charts.37 The macronutrient and micronu-
trient intake of the child will be compared with the
national recommendations using the Recommended
Nutrition Intake of Malaysia.38
The ﬂow chart of the data collection process is pre-
sented in ﬁgure 2.
Measurement instruments and outcomes measures
Anthropometry measurements
The infant’s anthropometric measurements that will be
taken include head circumference, mid-upper arm cir-
cumference, weight, length and skinfold thickness. In
addition, maternal weight will also be measured in both
the phases. Body weight will be recorded in kilogram,
while height, head circumference and mid-upper arm
circumferences will be recorded in centimetre and skin-
fold thickness will be recorded in millimetre. All the
measurements will be taken by referring to the National
Health and Nutrition Examination Survey (NHANES)
Anthropometry Procedure Manual (2007).39 In this
study, all the measurements will be taken and recorded
by trained data collectors.
Infant’s birth weight, gestation age at delivery and any
medical history from birth until the present day will be
captured in the questionnaire. In addition, feeding difﬁ-
culties, history of hospitalisation and information on
other siblings of the infant will also be obtained.
Dietary intake
The dietary intake of the infants will be collected using an
Infant Feeding Style Survey (IFSS). This survey will be
embedded in the main questionnaire and will be used in
both stages of the data collection. This part of the study
will capture the diet transition of the infant from birth
until 12 months. Detailed questions regarding prelacteal
feeds, breastfeeding practices, bottle-feeding practices and
complementary feeding practices will be obtained here.
The IFSS was adapted from the Infant Feeding Style
Questionnaire used in the Feeding Infants and Toddlers
Study (FITS)40 41 and from the multiple questionnaires
that were used in the Infant Feeding Practices Study II.42
Minor adaptation was made to suit the type of food avail-
able locally.
Assessing dietary intake in people of any age is a chal-
lenging process. However, measuring the diet intake in
infants and toddlers is even more difﬁcult because we
can only obtain their diet recall information through
their parents or caregivers. This is complicated because
multiple people may be responsible for a child’s diet
intake in a day.43 Trolle et al44 have suggested that using
a 24-hour diet recall in combination with a food record
book will provide a more accurate estimation of a child’s
diet intake, compared with using just one method in
obtaining the infant’s diet intake.
In this study, a 24-hour diet recall of the infant will be
obtained from the mothers. In addition, a food diary
will be provided to the mothers to ﬁll in their child’s
diet intake for 2 days. Pictures of food and household
measurements will be provided in the food diary in
order to assist the mothers to ﬁll in the diet intake of
the child more accurately.
Sociodemographic and other relevant data
A questionnaire will be used to obtain sociodemographic
information, as well as the infant’s medical and clinical
history and maternal medical and clinical history. In the
demographic section, household income, maternal age,
education and employment status, pre-pregnancy weight
and weight gain during pregnancy, nature of delivery,
prenatal and postnatal medical history and other rele-
vant information of the mother will be taken.
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The outcome measures and measurement instruments
are summarised in table 1.
Statistical analysis
Demographic data, IFP and anthropometric measure-
ments will be entered into a statistical analysis package,
‘R’. Normality checks will be performed on all continu-
ous data prior to further analysis. Descriptive statistics
will be used to report the basic sociodemographic data
and the mean dietary intake of the infants. Paired
Student’s t-test will be used to compare the anthropo-
metric measurement after the introduction of comple-
mentary food. Regression methods will be used to
measure the relationship between complementary
feeding and all the sociodemographic factors.
Qualitative strand
Sample size
A grounded theory approach will be used in the qualita-
tive section of this study. A purposive sampling strategy
will be used to identify ∼20 mothers to participate in an
in-depth interview. The sample size, 20, is planned as
studies have shown that a sample size smaller than 20
will be sufﬁcient to facilitate a researcher to obtain the
information needed in an in-depth interview.45 However,
since theoretical models are constantly revised, more
participants may be interviewed if necessary.
Data collection
For the qualitative part of this study, in-depth interviews
will be carried out in the second phase of data
Figure 2 Flow chart of data
collection. SEACO, South East
Asia Community Observatory.
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collection. Selected participants, who are mothers of the
infants, will be recruited based on the nutrition status of
the infants or sociodemographic status of the mothers.
The participants will be interviewed on their feeding
practices and factors that inﬂuence choices of food that
is fed to their infants. They will be probed to describe
and explain their experience in introducing comple-
mentary food to their infants. The interviews will be
recorded and transcribed later.
Data analysis
Interviews, observations and 24-hour diet recalls will be
analysed. The audio recorded interviews will be tran-
scribed verbatim. The transcribed interview will be ana-
lysed using ‘NVIVO’ software for qualitative research.
Ideas or phrases that emerge from the transcribed inter-
views will be organised using codes. These codes will be
organised into themes and the results will be used to
explain the variations in the complementary feeding
practices.
DISCUSSION
The prevalence of childhood obesity is rising and mul-
tiple studies indicate that most of the risk factors
develop during the early phases of life. These factors
may range from the time of preconception, to the pre-
natal and postnatal period. Given this, this study will
look into how the complementary feeding practices may
inﬂuence the development of early obesity risk. In this
study, it is impossible to measure the development of
obesity as the infants will only be followed for a period
of 5 months after the introduction to complementary
food. However, this study will be one of the ﬁrst to
measure the early risk factors for developing obesity
through the assessment of growth acceleration, predis-
position of body fat and the development of obesogenic
eating habits. The study is also unique in its use of the
mixed methods approach that helps to triangulate the
results from the quantitative and qualitative methods to
understand the research problem better. In addition,
this study is designed to strengthen our understanding
on the inﬂuence of ecological settings on the feeding
practices of a child.
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